Sequencing of amphioxus PSMB5/8 gene and phylogenetic position of agnathan sequences.
Reanalyses of vertebrate PSMB5 and PSMB8 genes were conducted with a newly obtained amphioxus sequence. The phylogenetic analysis indicated that the amphioxus sequence is an outgroup of both vertebrate PSMB5 and PSMB8 genes. The agnathan sequences were previously thought to be closer to PSMB5 than PSMB8 sequences. However, in this study the phylogenetic trees supported the clustering of agnathan sequences with PSMB8 rather than with PSMB5 sequences. In the alignment there are many sites in which the agnathan sequences are more similar to PSMB5 than PSMB8 sequences. Parsimony analysis showed that the amino acid pattern at these sites could be explained by one substitution on the ancestral branch leading to the jawed vertebrate PSMB8 cluster. The number of substitutions required at these sites was the same for different tree topologies with respect to the position of agnathans. The phylogenetic analyses of PSMB6/PSMB9 and PSMB7/PSMB10 genes indicated that all the interferon-gamma-inducible forms have evolved two to three times faster than the housekeeping forms in the jawed vertebrate lineage. Hence although the agnathan sequences cluster with the PSMB8 sequences, they have a slower rate of evolution similar to that of the housekeeping forms, and may be functioning as housekeeping forms.